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MECHANICALLY JOINED SPUTTERING TARGET AND ADAPTER 



THEREFOR 

Cross Reference To Related Applications 
5 This application is related to previously 

filed, currently pending U.S. applications 
08/390,662, filed February 17, 1995 and a divisional 
thereof filed April 23, 1996, both having the same 
title as this application and naming the same 
10 inventors, and incorporated herein by reference in 

their entirety. 
Field of the Invention 

This invention relates to targets for 
^_plasma sputtering apparatus. 
15 ^^^^"" Backaround of the Invention 

Sputtering processes are typically 
performed in a vacuum chamber. The chamber includes 
a target comprised of material, such as Aluminum, to 
be sputtered. A substrate, such as a semiconductor 



wafer bearing integrated circuits, is placed in the 
chamber and the chamber is evacuated. Once the 
chamber is evacuated, a process gas is introduced 
into the chamber at a low pressure, and a voltage is 
applied to the target. Ionized gas in the chamber 
is accelerated by the electric fields of the target. 
When the ions impinge upon the target, atoms of 
sputtering material are dislodged ("sputtered") from 
the target. The dislodged atoms deposit on the 
substrate, forming, over time, a thin film of target 
material on the substrate. 

The sputtering process described above 
slowly wears material from the target until, 
ultimately, the target must be renewed. Typically, 
this is done by removing the target from the chamber 
and inserting a new target into the chamber. 

Fig. 1 is a cross-sectional view of a 
typical vacuum chamber 10 for performing a 
sputtering process, and a target 12 mounted in this 
chamber. Chamber 10 is generally cylindrical or 
rectangular in shape, and target 12 is generally 
di sk-shape d and mounts into a circular opening 13 in 
chamber 10. Wafer 14, which is disk-shaped, is 
supported inside of chamber 10 by a generally 
disk-shaped anode 16. Electrical power is applied 



to the anode 16 with respect to the remainder of the 
chamber 10 . 

As shown in Fig. 1, a typical target is 
manufactured of a backing plate 20 of a metal such 
5 as Copper, metallurgically bonded (e.g., soldered) 

to a target plate having a front face 2 2 of 
sputtering material. Backing plate 20 is affixed to 
a chamber cover 23 by mounting screws 24. Cover 23 
is clamped to chamber 10 by means not shown, and 
zi 10 supports the front face 22 in a position generally 

opposite wafer 14. An 0-ring inserted into groove 
'^2 26 prevents leakage into the chamber 10 through the 

^ target -chamber interface. During the sputtering 

2 process, material from front face 22 is removed and 

ffl 15 deposited on the wafer 14, while backing plate 20 

I y 

in remains in place. 

Over time, a typical target such as that 
shown in Fig. 1 wears to the extent that the 
sputtering material on the front face 22 must be 
20 renewed. When this occurs, cover 23 is lifted from 

chamber 10, and target 12 is detached from cover 23 
and removed. A new target 12 is then assembled to 
cover 23, and cover 23 is clamped onto chamber 10, 
and processing continues. 
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Backing plates are typically manufactured 
of expensive metals, and for this reason are 
typically recycled after use. Once a worn target 
has been removed from the cover 23, the backing 
plate and the remaining sputtering material soldered 
thereto, are returned to the manufacturer. The 
manufacturer removes the remaining sputtering 
material from the backing plate, and solders a new 
target plate having a- front face 22 of sputtering 
material to the backing plate. The target 12, 
consisting of the recycled backing plate and new 
front face of sputtering material, is then ready for 
resale. To ensure that processing facilities 
promptly return used targets to the manufacturer, 
manufacturers typically include a core charge in the 
price of each target sold; this charge is refunded 
upon return of the used target to the manufacturer. 

This process for recycling used targets is 
inconvenient in that it requires regular shipment of 
bulky and heavy targets back to the manufacturer. 
Furthermore, to ensure a sufficient stockpile of 
targets to avoid downtime, semiconductor fabrication 
facilities must retain in inventory a number of new 
targets 12, which involves essentially permanent 



payment of the core. charges associated with the 
targets held in inventory. 
Summary of the Invention 

In accordance with the invention, the 
5 above disadvantages are overcome by providing a 

target in which the sputtering material is not 
soldered or otherwise metallurgically bonded to a 
backing plate. Rather, the target is mechanically 
coupled (e.g., with bolts) to the chamber. As a 
10 result, the sputtering material can be easily 

uncoupled from the chamber and replaced, without 
also requiring removal and replacement of a backing 
plate . 

Specifically, in one aspect the invention 
15 features an adapter sized for permanent mounting to 

the chamber at the same attachment points as the 
target shown in Fig. 1. The adapter has a central 
aperture in which the adapter supports a target. 
Mechanical couplers inserted through the adapter and 
20 the target mechanically join the target to the 

adapter. The target is manufactured homogeneously 
of sputtering material, and can be separately 
installed into and removed from the chamber without 
removing the adapter. As a result, when the target 
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is worn, the target can be replaced without 
requiring refurbishing of the adapter, 

In specific embodiments, the adapter, 
which may be of Copper, has a generally cylindrical 
shape, with generally cylindrical supporting walls, 
a generally radial outer flange sized for mounting 
to the chamber in place of the prior art target, and 
a generally radial inner flange for supporting the 
target. Apertures through the inner flange of the. 
adapter receive the mechanical couplers, which may 
be bolts. The target, which is a single piece of 
machined material such as Aluminum or Aluminum 
Oxide, Titanium, Gold, refractory metals, or other 
self-supporting materials, has a disk shape, and has 
threaded apertures in one of its disk shaped 
surfaces, arranged in mating relation to the 
apertures in the inner flange of the adapter. Bolts 
inserted through the apertures in the adapter are 
threaded into the apertures on the target and thus 
couple the target to the adapter. 

In further aspects the invention features 
a target having features described above, and a 
modified chamber integrally incorporating the 
adapter therein, thus avoiding the need for a 
separate adapter. 



The above and other objects and advantages 
of the present invention shall be made apparent from 
the accompanying drawings and the description 
thereof - 

Brief Description of the Drawing 

The accompanying drawings, which are 
incorporated in and constitute a part of this 
specification, illustrate embodiments of the 
invention and, together with a general description' 
of the invention given above, and the detailed 
description of the embodiments given below, serve to 
explain the principles of the invention. 

Fig. 1 is a cross-sectional view of a 
sputtering target and chamber in accordance with the 
prior art ; 

Fig. 2 is a cross-sectional view of a 
target 30 and adapter 32 in accordance with 
principles of the present invention; 

Fig. 3 is a plan view of adapter 32 as 
viewed along line 3-3 in Fig. 2, with target 30 
removed; 

Fig. 4 is a plan view of target 30 as 
viewed along line 4-4 in Fig. 2, with adapter 32 
removed; 



Figs. 5 and 6 are detail views of Fig. 2 
illustrating the 0-ring grooves in the adapter of 
Fig. 2; 

Fig. 7 is a cross- sect ional view of a 
chamber Fig. 1 having a door modified to permanently 
incorporate the structure of the adapter of Fig. 3, 
and a target attached thereto. 

Detailed Description of Specific Embodiments 

Referring to Figs. 2-5, a target assembly 
in accordance with principles of the present 
invention includes a target 3 0 of sputtering 
material, for example. Aluminum or Aluminum Oxide, 
Titanium, Gold, refractory metals, or other self- 
supporting materials. This target 30 is 
mechanically joined to an adapter 32. The completed 
assembly of target 3 0 and adapter 32 has the same 
shape as the prior art target shown in Fig. 1. 

Target 30 is a substantially disk- shaped 
plate manufactured of sputtering material such as 
Aluminum or Aluminum Oxide, Titanium, Gold, 
refractory metals, or other self-supporting 
materials. Adapter 32 is manufactured of a metal 
suitable for supporting target 30 against vacuum 
pressure in chamber 10 . Materials currently used in 



target backing plates such as Copper are suitable 
for this purpose. 

Adapter 3 2 is mounted to cover 2 3 of 
chamber 10 (see Fig. 1) using bolts inserted through 
apertures 33, in the same manner as the prior art 
target shown in Fig. 1, Apertures 33 have the same 
position and diameter as those found in the prior 
art target shown in Fig. 1. Further, adapter 32 
includes a groove 3 4 having the same location and 
size as groove 2 6 in the prior art target shown in 
Fig. 1. Groove 34 holds an 0-ring of the same size 
as that held in groove 26, thereby preventing 
leakage into the chamber through the interface of 
the adapter 32 and the chamber 10. 

The diameter of target 30 across its outer 
periphery 35 is approximately 11.3 9 inches. The 
thickness of target 3 0 is approximately 0.74 inches, 
and the thickness of the complete assembly of target 
3 0 and adapter 32, shown in Fig. 2, is approximately 
1.91 inches. These dimensions are exactly 
compatible with those of the prior art target shown 
in Fig. 1. 

Adapter 3 2 includes a cylindrical 
supporting wall 4 0 having a outer radial flange 42 
extending outwardly therefrom to mate to the 



chamber, and an inner radial flange 4 5 extending 
inwardly therefrom to support the target 30. Inner 
radial flange 45 extends radially inward 
approximately 0.65 inches, providing a sufficient 
support for target 30. 

Target 30 includes a radially inward step 
47 of approximately .65 inches, positioned to mate 
with the inner radial flange 45 of the adapter 32. 
Target 3 0 further includes a second radially inward 
step 49 of approximately .14 inches, positioned to 
extend over the cylindrical supporting wall 4 0 to 
prevent sputtering from the adapter 32 . 

As best illustrated in Fig. 6, adapter 32 
includes, along inner flange 45, two grooves 3 9 and 
41 approximately 0.13 inches wide, suitable to 
receive two O-rings. O-rings create a tight seal 
between target 3 0 and adapter 32, and thereby reduce 
leakage into the chamber through the interface 
between target 30 and adapter 32. Referring to Fig. 
6, the walls of grooves 3 9 and 41 are "dovetailed", 
i.e., are sloped inwardly to capture an O-ring 
inside of the groove. A double sloped wall, such as 
shown in Fig. 6, or a single sloped wall, may be 
used. 



As also seen in Fig. 5, outer flange 42 of 
adapter 32 also includes a groove 34 for capturing 
an 0-ring to prevent leakage into the chamber from 
between adapter 3 2 and the chamber. 

As best seen in Fig. 4, target 30 
includes, at various spaced locations along radial 
step 47, threaded apertures 43, which are 
approximately .33 inches in depth and sized to 
receive 8-32 bolts such as 46 (Fig. 2) . As best 
seen in Fig. 3, adapter 3 2 includes, in inner flange 
45, apertures 44 at spaced locations corresponding 
to apertures 4 3 in target 30. In one embodiment, 
there are twelve such apertures radially evenly 
spaced around the inner flange 4 5 and step 47, of 
adapter 32 and target 30, as seen in Figs. 3 and 4. 

In use, adapter 3 2 and target 3 0 are 
attached to cover 23 of chamber 10 in the manner 
shown in Fig. 1. To mechanically join target 30 to 
adapter 32, grooves 3 9 and 41 are loaded with 
suitably sized O-rings. Next, target 30 is inserted 
into adapter 32, such that apertures 43 in target 3 0 
are in alignment with apertures 44 in adapter 32. 
Next, 8-32 bolts 46 of suitable length, e.g., 0.5 
inch, are inserted through apertures 44 and into 
apertures 43, engaging the threads of apertures 43. 



The bolts 46 are then torqued to a sufficient level 
to form a seal between target 3 0 and adapter 32. 

To assist the user in properly aligning 
target 3 0 to adapter 32, target 3 0 may include, at 
one or more locations along its outer periphery, a 
pin, which mates with one or more slots in adapter 
32 to align the apertures 43 and 44 of target 30 and 
adapter 32. Other combinations of mating features 
can be used to facilitate alignment, such as, for 
example, a protrusion in the step 47 of the target 
which mates to a slot in the inner flange 45 of the 
adapter 32. 

In use, target 3 0 is installed to adapter 
32, and then adapter 32 is installed to cover 23 of 
chamber 10 (see Fig. 1) in the same manner as the 
prior art target of Fig. 1. Sputtering is performed 
from surface 50 of target 3 0 until excessive wear 
requires replacement of target 30. At this point, 
adapter 32 and target 30 are removed from cover 23, 
and then the bolts 46 holding target 30 to adapter 
32 are extracted, and target 30 is removed from 
adapter 32. Then a new target 3 0 received from the 
manufacturer is attached to adapter 32 in place of 
the worn target 30, and the new target 3 0 and 
adapter 32 are again mounted to cover 23. 



An advantage of this process is that the 
worn target 3 0 need not be returned to the 
manufacturer for recycling. Rather, the target 
material may be disposed or recycled as scrap metal. 
Thus, in accordance with principles of the present 
invention it is not necessary to repeatedly return 
worn targets to the manufacturer for refurbishing. 
Furthermore, it is not necessary for the 
manufacturer to make a core charge to ensure timely 
return of worn targets to permit recovery of backing 
plates , 

Another potential advantage of the 
invention is increased target life. There are two 
factors limiting the amount of wear that target 3 0 
can undergo before replacement is required. 

First, target 3 0 must be self-supporting; 
that is, target 3 0 bears the stress of vacuum 
pressure in the chamber without support from a 
backing plate as is found in the prior art target of 
Fig. 1. It has been found that a target 
manufactured of Aluminum or Aluminum Oxide has 
sufficient stiffness to support this stress, at 
least until the target has worn to the point that 
the thickness of the target in its central section 
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is approximately equal . to the" thickness of the 
backing plate 2 0 shown in Fig. 1. 

Second, referring specifically to Fig. 3, 
at the outer periphery 35 of target 30, there is a 
5 thickness of approximately 0.16 inches of sputtering 

material, formed by step 49, which overlays adapter 
32, and a thickness of approximately .11 inches of 
sputtering material overlaying aperture 43 . Wear in 
this area of the target will eventually expose 

10 adapter 32 or the aperture 43 (and the bolt 46 

holding target 3 0 to adapter 32) . However, it has 
been discovered that the rate of wear of target 3 0 
on surface 50 is most rapid in the area of the 
target 3 0 nearest to its central axis. Some wear 

15 occurs near to the periphery of the target; however, 

- the proportionate rate of wear at the center of the 
target is such that the target must be replaced due 
to wear in the central region well before there is 
any exposure of aperture 4 0 or adapter 32. 

20 It appears that the target 3 0 shown in 

Figs. 2 and 4 may provide a longer term of use than 
the prior art target shown in Fig. 1. In the prior 
art target shown in Fig. 1, wear cannot proceed 
beyond the point where the solder bond between the 

25 target and backing plate is exposed, since 
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contamination would result. In fact, target use 
must halt some time before the solder bond is 
exposed to provide a margin for error. By contrast, 
in the target 3 0 shown. in Fig. 2, the allowable 
amount of wear is not limited by the presence of a 
solder bond, but only by the requirement that the 
target remain self-supporting. It has been found 
that target 3 0 can remain self-supporting even 
though target 3 0 has been worn to an extent that 
would have exposed the solder bond in the target of 
Fig. 1. Therefore, it appears that the target 3 0 in 
accordance with the invention may provide a longer 
life than the prior art structure shown in Fig. 1. 

Now referring to Fig. 7, in an alternative 
embodiment of the present invention, chamber cover 
23' of the prior art structure shown in Fig. 1 is 
modified to incorporate the structure of adapter 32, 
by incorporating therein cylindrical supporting wall 
40, inner flange 45, and the other features 
discussed above. In accordance with this modified 
structure, there is no need for a separate adapter, 
as targets 3 0 may be directly mounted to the 
modified chamber cover 23'. 

While the present invention has been 
illustrated by a description of various embodiments 



and while these embodiments have been described in 
considerable detail, it is not the intention of the 
applicants to restrict or in any way limit the scope 
of the appended claims to such detail. Additional 
advantages and modifications will readily appear to 
those skilled in the art. The invention in its 
broader aspects is therefore not limited to the 
specific details, representative apparatus and 
method, and illustrative example shown and 
described. Accordingly, departures may be made from 
such details without departing from the spirit or 
scope of applicant's general inventive concept. 
What is claimed is: 



